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U,strad V uria iion after p ro |cc lion  (V A P ) calculations in con|iinciion w ith Harirec Hogoliubov (H B ) ansat/ have been ta m e d  out lo r >1 = 120-h(. h ariiJin  isotopes I n  this fram ew o rk , the yr^isl spectra w ith  =  10^ , B (E 2 ) transition p iohab ilitics , quadrupolc ( ) and hexadccapole ( / i j  )
jLinimaiion param cleis fo r even - even b arium  isotopes have been obtained The results o f the calcu lation give an indication that it is im poiian i to 
iu I'uIl- ihc h cxadccapo le-hexadecapo le  com ponent o f  the tw o -b o d y  in teraction  lo r obtain ing  various nucleai s iru U iire  quantities in these baiiiJiii
U-PLS
K n^ords N uclear S lructiirc  '" ’Ba, variation - after projection calculations, B (E 2 ) tiansition probabilities, quadrupole ( fi  ^ ) and hexadccapole 
) ilc loim ation param eters
rv( s N o s . 21 6 0  -n , 27 6 0  + ). 21 6 0  Jz
I. Introduction
^)\Li Ihc years , th e re  has b e e n  a c o n t in u o u s  a c c u m u la t io n  o f  
\ic iis i\c  e x p e r im e n ta l  in r o r m a t io n  o n  p r o to n - r ic h  b a r iu m  
•h'lK s 11 « ]. 'F h esc  p r o to n - r ic h  n u c le i s e em  to  d e v e lo p  a c le a r  
>iaiinnal s tru c tu re  is th e  l ig h t  is o to p e s . A n  in te re s t in g  fe a tu re  
I ihc o b s e rv e d  y ra s l s p e c tra  in  p r o to n -r ic h  b a r iu m  is o to p ic  
niiss cluiin m  th e  s y s te m a t ic  v a r ia t io n  o f  E / ,  E "^  ^ an d  
d u ia iio n  e n e rg y  s la tes  f r o m  to  I t  is o b s e rv e d  th a t
‘LSI' stales lo l lo w  a s y s te m a t ic  d e c re a s in g  tre n d  as w e  m o v e  
‘Wuy ( lo m  '^ ’^B a  to w a rd s  T h e  is o to p e s  c a n  be
' to be q u a s i-d e fo n n e d  n u c le i h a v in g  ra t io  la rg e r
2 7 In  I ac t, th is  r a t io  fo r  '^**Ba is 2 .9 5 6  a n d  fo r  is  
Rased on th e  s y s tc m a tic s  o f  lo w - ly in g  s la tes  an d  the  
^M^Mimenial d a ta  o f  B ( E 2 )  t r a n s it io n  p ro b a b il it ie s , th e  s ta b le  
pioion-neh b a r iu m  is o to p e s  ra n g e  f r o m  th e  a p p r o x im a te ly  
''Pliciical '^^Ba w ith  a  c lo s e d  s h e ll o f  N  =  8 2  to  '^ ^ B a  w h ic h  is 
^b'se to ihe d e fo r m e d  is o to p e s  a n d  th e s e  b a r iu m
‘''Oinpc's arc thus s a id  to  be t ra n s it io n a l.
I lie th e o re t ic a l a t te m p ts  [ 9 - 2 6 ]  to  d e s c r ib e  th e  n u c le a r  
|iruL(ure o{ b a r iu m  is o to p e s  in c lu d e  b o s o n  e x p a n s io n  th e o rie s  
1^ 1 and m ic r o s c o p ic  d e s c r ip t io n  o f  s p h e r ic a l  n u c le i ,  
'^^‘'rporaiing an  h a rm o n ic  e f fe c ts  [ 1 4 ,  1 5 ] . T h e  d e s c r ip tio n  in
Cuirej^ ponding A u tho r
Ic m is  o f  the shape p a ra m e te rs  /3 and Y  fa ll in to  tw o  m a m  groups  
- n a m e ly  those  th a t assu m e o r  p re d ic t  the.se n u c le i to  be Y s o li 
[1 6 -1 9 1  and  those that trea t th e m  as good  ro tors . T h e s e  g e o m e tric  
th e o rie s  g e n e ra lly  fa v o u r  p ro la te  shapes fo r  the b a riu m  isotopes  
T h e  in te ra c tin g  bo so n  m o d e l 12 4 ,2 5 )  im p re s s iv e ly  rep ro d u ces  
th e  lo w - ly in g  e n e rg y  le v e l s y s tc m a tic s  o l o n ly  the stab le  e v e n -  
m ass b a r iu m  iso to p es . R e c e n tly , P e lk o v  v t  a l  |2 6 )  h a v e  a p p lie d  
th e  g e n e ra l c o lle c t iv e  m o d e l to  the b a r iu m  is o to p es  w ith  A =  
1 2 4 - 1 3 2 .  A  g o o d  d e s c r ip tio n  o f  the e x p e r im e n ta l le v e l schem es  
is o b ta in e d  T h e  d e s c r ip tio n  o f  the E 2  tra n s itio n  s tren g th s  is 
a ls o  s a tis fa c to ry  b u t the  d e v ia t io n s  o b s e rv e d  fo r  th e  s p e c ific  
w e a k  tran s itio n s  in d ic a te  s o m e crud eness m the m tK lc l. R e c e n tly , 
S ah a S a rk a r and S en  [1 1 ]  c iirric d  out C ra n k e d  H L U trc c -B o g o liu b o v  
( C H B )  c a lc u la t io n s  in (he  X c - B a  re g io n . T h e  p ro p e rtie s  o f  the  
g ro u n d  s late  an d  firs t 2^ s ta te  o f  a la rg e  n u m b e r  o f  e v e n -e v e n  
n u c le i is o b ta in e d  b y  th e m  in  th is  m ass re g io n .
F ro m  the  o v e r v ie w  o f  th e  th e o re t ic a l w o rk , it is e v id e n t that 
th e re  IS no  s in g le  m ic ro .s c o p ic  f r a m e w o r k  th a t has b e en  a p p lie d  
u n ifo rm ly  to  the e n tire  set o f  b a riu m  iso topes  w ith  a s in g le  set o f  
in p u t p a ra m e te rs . I t  is w ith  th is  m o t iv a t io n  in m in d  th a t w e  p la n  
to  c a rry  o u t a s tu d y  o f  lo w - ly in g  y ra s t s p ec tra  in  the e n tire  .set o f  
th e  p r o t o n - r ic h  b a r iu m  is o to p ic  m a s s  c h a in  in  a s u ita b le  
m ic ro s c o p ic  f ra m e w o rk .
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T h u s  in  th is  p a p e r, a m ic ro s c o p ic  s tu d y  o f  th e  y ra s l s ta tes , 
B ( E 2 )  t r a n s i t i o n  p r o b a b i l i t i e s ,  q u a d r u p o le  ( P 2  ) a n d  
h e x a d c c a p o lc  { p ^ )  d e fo r m a t io n  p a ra m e te rs , fo r  e v e n -e v e n  
p ro to n -r ic h  b a r iu m  is o to p e s  has b e e n  c a rr ie d  o u t, b y  e m p lo y in g  
the  v a r ia tio n  a fte r  p ro je c tio n  ( V A P )  |2 2 ]  fo rm a lis m  in c o n ju n c tio n  
w ith  the  H a r ir e e -B o b o l iu b o v  ( H B ) [ 2 3 ]  a n s a tz  fo r  th e  a x ia l ly  
s y m m e tr ic  in tr in s ic  w a v e - fu n c tio n s .
In  the  p re s e n t v a r ia t io n a l c a lc u la t io n s  in  p ro to n -r ic h  b a r iu m  
is o to p e s , w e  h a v e  e m p lo y e d  the u s u a l p a ir in g  p lu s  q u a d ru p o le -  
q u a d ru p o le  m o d e l o f  in te ra c t io n  ( V Q P )  b u t w e  fo u n d  th a t the  
le v e l o f  a g re e m e n t is p o o r  w ith  th e  e x p e r im e n ts  In  o rd e r  to  
im p r o v e  th e  le v e l o f a g re e m e n t , th e  h ig h e r  o rd e r  o c tu p o lc -  
o c iu p o le  an d  h e x a d e c a p o le -h e x a d c c a p o le  te rm s  ( V Q P O H )  w e re  
a ls o  in c lu d e d  in the tw o  b o d y  in te ra c t io n . A t  th is  p o in t , w e  
w a n t  to  m a k e  it c le a r  th a t  a d d i t io n  o f  o c tu p o le -o c t u p o le  
in te ra c t io n  te rm  to  th e  V Q P  in te ra c t io n  d o c s  n o t m a k e  a n y  
p e rc e iv a b le  c h a n g e  in  th e  c a lc u la te d  v a lu e s  o f  ih c  v a r io u s  
o b s e r v a b le  q u a n t i t ie s  W e  h a v e ,  t h e r e f o r e ,  s k ip p e d  th e  
p r e s e n ta t io n  o l  th e s e  r e s u lts .  H o w e v e r ,  th e  in c lu s io n  o l  
h e x a d e c a p o le - h e x a d c c a p o le  in te r a c t io n  te r m  to  Ih c  V Q P  
in t e r a c t io n  s h o w s  a m a r k e d  im p r o v e m e n t  in  th e  v a r io u s  
o b s e rv a b le  q u a n tit ie s .
2. Calciilational details
2 . /  7'he o n e  a n d  t w o - h o d y  p a r t s  o f  th e  H a m i l t o n i a n  *
r i ic  s p h e r ic a l s in g le -p a r t ic le  e n e rg ie s  (S .P .n . 's )  th a t w c  h a v e  
e m p lo y e d  are  ( in  M e V ) : ( I d ^ ^ )  =  0.0, (3.V|^ ,) =  I 4, i l d ^ ^ )  =2.0, 
( =  2..S, ( I/I, , ,^) = 4.0. (2 /;,) = 10.9, ( =  11.5, ( 11,
an d  1 h , are  e x a c tly1 3 .5 . T h e  S .P .E .'s  o f  2 7^^ /2’ ^^'j/2’ ^ Mr
V,. =  - ( G / 4 ) ' ^ 5 „ S p a , y „ a j ^ c i n .
afi (I)
7*/ =  - U / 2 ) S  X ( “ |
«/3y5 u
w h e re  th e  o p e ra to r  q j j  is g iv e n  b y
T h e  s tre n g th s  fo r  th e  l ik e  p a r t ic le  n e u tro n -n e u tro n  (n 
p ro to n -p ro to n  ( p - p )  a n d  n e u tro n -p ro to n  ( n - p )  com ponents oj 
th e  q u a d r u p o lc -q u a d ru p o le  ( q . q )  in te ra c t io n  w e re  taken as
= - 0 . 0 1 2 2  MeV/,-" and
=  - 0 . 0 2 3 0  M e V  b~
the  s a m e  as th a t e m p lo y e d  b y  V e rg a d o s  an d  K u o  [ 2 7 J as w e ll  as 
F e d c rm a n  an d  P iltc l  [ 2 8 ] .  'H ie  vS.P.E.'s o f  2 / , ,^ ,  I a n d  1/■13/2
o rb its  arc  ta k e n  fro m  N ils s o n  d ia g ra m s , p u b lis h e d  in the b o o k  
[2 9 ]  w ith  s m a ll v a r ia t io n s  so as to  re p ro d u c e  sh e ll c lo s u re s  fo r  N  
=  8 2 l o r
T h e  tw o -b o d y  e f fe c t iv e  in te ra c t io n  th a t has b e e n  e m p lo y e d  
is o f  p a ir in g  - p lu s -q u a d ru p o le -q u a d ru p o le  { q . q )  ty p e  | 3 I  |. T h e  
p a ir in g  p a rt ca n  be w r it te n  as
w h e re  a  d e n o te s  th e  q u a n tu m  n u m b e rs  (n i jm ) .  T h e  s ta le  a  is 
the  s a m e as a  . b u t w ith  th e  s ig n  o f ’/?/' re v e rs e d . H e r e ,  is th e  
p h a se  fa c to r  ( - | ) . th e  q .q  p a rt o f  the  in te ra c tio n  is g iv e n  by
(2)
(3)
Here h ( =  ^ t i h u c o )  is the o.scillaior parameter. Thc.se valuc\
fo r  th e  s tre n g th s  o f  th e  q .q .  in te ra c t io n s  c o m p a re  favorab ly  wuh 
th e  o n e s  s u g g e s te d  b y  A r im a  [ 3 2 ]  a n d  these va lu es  arc 
n e a r  th e  o n e s  e m p lo y e d  in  e a r l i e r  s tu d y  o f  defo rn iu iio i, 
s y s tc m a tic s  in  th e  A  =  1(X) re g io n  [ 3 3 - 3 5 ] .  T h e  strength |,„ 11,^  
p a ir in g  in te ra c tio n  w a s  f ix e d  th ro u g h  the  a p p ro x im a te  rc ljiiono  
=  ( 1 8 - 2 1 /A ) .  In  a d d it io n  w c  h a v e  a ls o  c a rr ie d  out calculations h\ 
i n c o r p o r a t i n g  o c t u p o l e - o c t u p o l e  a n d  hcxad cLap i^ i^  
h c x a d e c a p o le  in te ra c t io n  te rm s  in  th e  tw o -b o d y  in te iacuon The 
r e la t iv e  m a g n itu d e s  o f  th e  p a ra m e te rs  o f  the  o c tu p o lc  ociupulc 
a n d  h e x a d e c a p o le - h e x a d c c a p o le  p a r ts  o f  th e  tw o  boiK 
in te ra c t io n  w e re  c a lc u la te d  f r o m  a r e la t io n  .Suggested by Bohi 
an d  M o t le ls o n  [3 0 ] .  T h e  v a lu e s  o f  these p a ra n ic tc is  Id ro a u p tT  
o c tu p o le  in te ra c t io n  w o r k  o u t to  be
2; „ , , 3 ( = 2 : „ „ 0 = - 0 . 0 0 3 6 6  M e V / r ' -  
a n d  X,,n^ =  - 0 . 0 0 6 9 0 M e V  h
w h e re a s  th e ir  v a lu e s  fo r  h c x a d e c a p o lc -h e x a d e c a p o lc  puii ol iln 
tw o  b o d y  in te ra c t io n  tu rn  o u t to  be
= - 0 . 0 0 0 3 3  M c V / . - «
an d  = - 0 . 0 0 0 6 6  M e V / / "
2 .2  P r o j e c t i o n  o f  th e  s t a t e s  o f  y^ood anf^ id a r  monicniiwi  //""i 
a x i a l l y  s y m m e t r i c  H B  i n t r i n s i c  s t a t e s  :
T h e  p ro c e d u re  fo r  o b ta in in g  th e  a x ia l ly  s y m m e tr ic  H H  iiu t iim  ^
s ta les  has b e e n  d is c u s s e d  in  R e f .  [ 3 6 ] .
T h e  a x ia l ly  s y m m e tr ic  H B  s ta le s  c a n  be w r it te n  as
im
w h e re  th e  c re a t io n  o p e ra to rs  c a n  b e  ex p res sed  as
j t  ^  ffi / I + ^ (5)
H e r e ,  th e  c re a t io n  o p e ra to rs  create  a particle in the firbii
\n l jm )  an d  a re  th e  e x p a n s io n  c o e ff ic ie n ts . T h e  index;
th e  s i n g le - p a r t i c l e  s ta te  a n d  th e  in d e x  / is eniployt^^ 1^ 
d is t in g u is h  b e tw e e n  th e  d i f fe r e n t  d e fo rm e d  s in g le -p a r t ic le  
w ith  th e  s a m e  ^ ^  .
HB
The staCcs w ith  g o o d  a n g u la r  m o m e n la  p ro je c te d  f r o m  th e  ____ , .. . a m p litu d e s  I m, , v, 1 an d  th e
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stale \ ^ k ) w r i t le n  as
i  > =  PI k^ I ^ k  > =
[ ( 2 7  +  l ) / 8 ; r ^ ] l D j f * : ( f l ) / ? ( f 2 ) | 0 ^  > d f l ) ,  (6 )  
R ( a )  a n d
rouiiion m a tr ix , r e s p e c tiv e ly .
e x p a n s io n  c o e ff ic ie n ts  c ”' , w e  
f ir s t  set u p  th e  ( 5 0  x  5 0 )  /^ m a tr ix  in  the p re s e n t c o n fig u ra t io n  
sp ace . T h e n  F,  M ,  an d  a rc  c o m p u te d  fo r  20  G a u s s io n
q u a d ra tu re  p o in ts  in  the  ra n g e  ( 0 , ; r / 2 ) . F in a l ly ,  the  p ro je c te d  
e n e rg ie s  a re  c a lc u la te d  e m p lo y in g  eqs. (7 ) -> ( 13 ) .
2 . 3  T he  v a n a t i o n - a f t e r - a n f ' u l a r  m o m e n t u m  p r o j e c t i o n  (V A P )  
(C2)  a re  th e  ro ta t io n  o p e ra to rs  o f  th e  n i e t h o d :
T h e  V a r ia t io n  A f t e r  P ro je c t io n  ( V A P )  c a lc u la t io n s  has been  
The en e rg y  o f t h e  s la te  w ith  th e  a n g u la r  m o m e n tu m  is g iv e n  c a r r ie d  o u t as fo llo w s . W c  firs t g e n e ra te d  th e  s e lf-c o n s is te n t
H B  s o lu tio n s  0 ( ^ )  b y  c a r ry in g  o u t the  H B  c a lc u la t io n s  w ith  
th e  H a m il to n ia n  ( H - p Q ^ ) ,  w h e re  j3 is a p a ra m e te r . T h e  
s e le c tio n  o f  th e  o p t im u m  in tr in s ic  s lates i P  j )  is then m ade
b y  f in d in g  o u t th e  m in im u m  o f t h e  p ro je c te d  en e rg y .
K
j / i ( 0 ) ^ / ( i ) (0 ) r / ( c o s 0 )
_  0 ___________________
jn{0)d^(e)d(cos6)
0
H cic , the o v e r la p  in te g a ls  h{G )  an d  n ( 0 )  a rc  g iv e n  b y
tf flfT,
X 5 ^ [ ( i  +  M ) - '
(7)
p \ d ^ \ s  >  p I'p
p sa y
whclc
« ( 0 ) =  { d e l [ l  +  M ( 0 ) l } ‘ ' ^
(8)
(9 )
"'a n i a ' ( 0 ) d j p  nip nip. { 0 ) f  j „ m „ . J p m p  , ( |q
"'i,
f  ( v >
M ( e )  =  F { d ) f \
Pap(0) = { M(d) / [ \ ^ MiO)]}^
= 5 ^ - { [ i + M ( 0 ) r ’ }  .
( 11)
(12)
> I < d>„()3) > |/ ’,;[,|<f>o(^)) 
(1 4 )
as a fu n c tio n  o f  /J . In  o th e r  w o rd s , th e  o p t im u m  in tr in s ic  sta le  
fo r  ea c h  y ra s t J  s a tis fie s  the c o n d it io n s
^/dp[{<l>o(P)\HPw\<l>„(P))/{0o(P)\Pm\^o(li))\p^lii=O
(15)
3. Deformation trends in the barium region
(1 3 )
yrast energies are calculated as follows. Using the 
of the HB calculations summarized in terms of the
In  T a b le  I , the e x p e r im e n ta l v a lu e s  o f  e x c ita t io n  e n e rg y  o f  E i  
s la te  ( A E ) , in tr in s ic  q u a d ru p o le  m o m e n ts  o f  th e  H B  states an d  
q u a d ru p o le  d e fo rm a t io n  p a ra m e te rs  { P 2 ) o b ta in e d  w ith  the  
in te ra c t io n  V Q P  in  is to p cs  a rc  p res en te d . It  is w e ll
k n o w n  th at a n u c le u s  h a v in g  s m a lle r  e n e rg y  g a p  a E  sh o u ld  
h a v e  a la rg e r  q u a d ru p o le  m o m e n t fo r  the 2^^ s ta le . S in c e  o f  
the  n u c leu s  is d ire c t ly  re la te d  to  its in tr in s ic  q u a d ru p o le  m o m e n t, 
o n e  s h o u ld , th e re fo re , e x p e c t th a t a s m a lle r  e n e rg y  g ap  ^  
s h o u ld  m a n ife s t  i ts e lf  in  te rm s  o f  a la rg e r  q u a d ru p o le  m o m e n t  
an d  v ic e -v e rs a . In  o th e r  w o rd s , the o b s e rv e d  s y s te m a tic s  o f  £ 2^  
w ith  m ass n u m b e r  A  s h o u ld  p ro d u c e  a c o rre s p o n d in g  in v e rs e  
s y s te m a tic s  o f  in tr in s ic  q u a d ru p o le  m o m e n t o f  b a r iu m  n u c le i 
w ith  A .  B a s e d  on  the  a b o v e  lo g ic , the  c a lc u la te d  v a lu e s  o f  
in tr in s ic  q u a d ru p o le  m o m e n ts  s h o u ld  e x h ib it  a d e c re a s in g  tren d  
as o n e  m o v e s  fro m  * ^ ^ a  to  *^^Ba. T h is  typ e  o f  tren d  is c e r ta in ly  
s h o u ld  b e  the c a lc u la te d  v a lu e s  o f  o b ta in e d  w ith  the
in te ra c tio n  V Q P . T h e  c h a n g e s  in  < 0 ^q^ h h  V Q P  is
1.9 0  un its  as w e  m o v e  fro m  ' ^ ^ a  to  '-^ B a  w h ereas  the en erg y  
v a lu e  is seen to  r ise  f ro m  0 .1 8  M e V  to  0 .2 5  M e V .  S a m e  ty p e  o f  
tren d  is sh o w n  by the c a lc u la te d  va lu es  < C ? \)> h b  V Q P O H  
in te ra c tio n  w ith  a d if fe re n c e  that it sh ow s a s lig h tly  la rg e r ch an g e  
as o n e  m o v e s  fro m  o n e  is o to p e  to  a n o th e r  as c o m p a re d  to  th e  
< Q - q> h b  v a lu e s  o b ta in e d  w ith  V Q P  T h e  c h an g e s  in  < G V h b  
v a lu e s  w ith  V Q P O H  arc  3 .4 4  u n its  as w c  m o v e  fro m  to  
'^^B a. S in c e  th e  e x p e r im e n ta l £ 2^  v a lu e s  v a ry  fro m  is o to p e  to  
is o to p e , th e  res u lts  o f  < G V h b  V Q P O H  can  be
286 Necrii Sawhtiey, Rani Devi, Arun Bliarti and S K Khosa
T a b le  1. T h e  e x p e n iiie n ia l values o f  c x c ilu lio n  energ y o f  Ihc s ia ie  in the M e V  {AE) , in tr in s ic  
quadrupole moments and quadrupolc deformation parameters ip i)  o f the H B  states in isotopes w ith
the V Q P  and V Q P O H  interaction. Here <.Q^ ] gives the contribution o f the protons to the total intrinsic  
quadrupole moments The quadrupolc moments have been computed in units o f h‘, where b = J h  I mo) Ibe 
os c illa to r param eter
V Q P O H
In te ra c tio n
B arium  E *  V Q P
nuclei (H x p  ) _____________________________________________________________________
( A )  < Q f , > I I H  P i  < Q i i > , i H  < ( ? » > »  P i
P i
(I£xp  )
120 
I 2 
124  
126  
128  
130  
132  
134  
136
0 IK 
o . iy  
0 22 
0 2fi 
0 28  
0 .3 5  
0  4 6  
0 6 0  
0 8 1
9 3 56  
93  4 6  
92 75  
9 1 6 6  
86 54  
74 85  
65  08  
57 6 4  
5 0  59
35 2 0  
35 10 
35 08  
34 99  
33 98  
30 03  
28 66 
28 42  
28 02
0  297  
0 291  
0 281  
0  2 7 2  
0 2 5 9  
0  221 
0 193  
0 173 
0 153
93  7 0  
93  41 
91 55  
9 0  2 6  
8 0  3 0  
73  87  
6 4  34  
58 47  
5 0  37
35 58  
3 4  5 0  
34  6 6  
3 3 .0 6  
28 77  
28  77  
2 8  61 
2 8 .2 5  
27 82
0 .2 9 8  
0 .2 9 0  
0 2 8 0  
0 .2 7 1  
0 ,2 3 7  
0 .2 1 8  
0 .1 9 1  
0  174  
0 15
0 . 2 9 5 ( 6 ) * *  
0 .2 8 5 ( 1 6 ) *  
0 .2 3 8 (  1 0 )*  
0 .2 3 0 ( 1 2 ) *  
0  1 8 6 (6 ) *  
0  1 6 3 (1 9 ) *  
0 1 2 4 (8 ) *
* l )a ta  taken Irom  R e f |5 |  
* * n a ta  taken from  Ret [42J
Ih o u g h t to  be m  b e lte r  a g re c m c n l than  th e  c o rre s p o n d in g  res u lts  
o b ta in e d  w ith  V Q P . In  the sam e ta b ic , the  c iilc u k U e d  v a lu e s  fo r  
d c ro rm a lto n  p a ra m e te r  ( /J ^ )  h a v e  a ls o  b een  p re s e n te d . T h e  
d c ro m ia i io n  p a ra m e te r  P 2  is re la te d  to  / ^ ( / t 2 ) T  by the lo rm u la  
.suggested b y  R a m a n  ct a l  13 7 ].
=(4;r/3Z/lfj)[f l (£2)t/<'-p. (16)
where R^  ^ is usually taken to be 1 i m and H { i : 2 )  T  is in 
units of
F ro m  the sy .s lcm a lics  o f  the c a lc u la te d  P j  v a lu e s , it ts n o te d
th a t P 2  v a lu e s  o b ta in e d  w ith  V Q P  an d  V Q P O H  inleractinns.ih 
m  s a tis fa c to ry  a g re e m e n t w ith  th e  o b s e rv e d  v a l u e s
W e  n e x t  fo c u s  o u r  a t t e n t io n  o n  th e  fa c to rs  ili.ti .u- 
re s p o n s ib le  fo r  m a k in g  th es e  b a r iu m  is o to p es  to cxhih ii sijji 
fe a tu re s . I t  is im p o r ta n t  a l th is  s ta g e  to  p o in t  out and 
an  im p o r ta n t  fa c to r  re s p o n s ib le  fo r  b r in g in g  m  colicciiv iiv m 
n u c le i .  W h e n e v e r  th e  o c c u p a t io n  p r o b a b i l i t y  o l a lov\ L- 
c o m p o n e n l o f  a h ig h / -  o rb ita l d e c re a s e s  (in c re a s e s ), il piodiKL^ 
la rg e  d e c re a s e  ( in c r e a s e )  in  in t r in s ic  q u a d ru p o le  inoincits 
A g a in s t th is  b a c k -g ro u n d , a  c o m p a r is o n  o f  T a b le s  2 and  ^shows 
th a t th e  d e c re a s e  in  { h ] \ f 2 )n o c c u p a tio n  o h ia m e d  w iih  
s m a ll  c o m p a re d  to  th e  d e c re a s e  s h o w n  b y  ( / i , , /  U
T^hlc 2. The sub-shell 
w ith  VCJP m tcn ic liun
nccijpuiion numbers (protons) m Ihc nuclei T a b le  3 . T h e  sub-shcel o cc u p a tio n  num bers (neutrons) 
w ith  V Q P  interaction
111 Ihc- lUkK'i
H un urn
nuclei
( A )
Sub-shell occupation number B arium Sub-shell occupation number
2 d . , V v:  ^  ^1/1
nuclei
( A ) .3.V., 2 d „ 2 d „ 2 / ) . U s ,, 1/1, , I 'm
1 2 0 0 6 1 0  9 9 1 .3 0 0  5 0 1 1 1 0 .0 0 1 4 7 0  0 0 1 2 0 0  6 0 1 38 3 .2 5 1 .0 5 2.75 0 0 6 4 «S (1 (1(1
122 0 .6 1 0  9 8 1 .3 0 0  52 1 10 0  ()] 1 .4 6 0  0 0 122 0 .8 7 1.81 3 .6 5 1 .0 8 3.55 0 ,0 6 4 KS (III
124 0  61 0  9 8 1.31 0  51 1 10 0 0 0 1 4 6 0 0 0 1 2 4 0 .9 1 1 .8 8 4 .1 7 1 ,0 7 5.01 0 06 4 H5 IHIO
126 0 .6 1 0  9 9 1 32 0 5 0 1.11 0 0 0 1 45 0  0 0 1 2 6 0  9 2 1 .8 8 4 .2 0 1 .0 4 4 99 0 .0 6 4 89 0 0(1
128 0 6 0 1 0 5 1 48 0  41 1 2 0 0  0 0 1 .2 5 0 .0 0 128 0  9 3 1 .8 8 5 .5 5 1 .0 9 5 49 0  1 1 6 79 (l i:
1 3 0 0 .5 9 1 2 4 2 13 0  10 1 50 0 .0 0 0 .4 0 0 .0 0 1 3 0 1 7 4 2 .3 4 5 81 0 .9 4 5 .7 2 0 .1 2 7.14 ()|S
132 0  57 1 35 2 4 9 0 0 0 1 57 0 0 0 0 0 0 0 .0 0 132 1 .9 9 3 3 6 5 .9 4 0 .8 0 6 .2 2 0  08 7 46 O il
1 3 4 0 ,5 6 1 34 2 .6 1 0 .0 0 1 .47 0 .0 0 0 .0 0 0 .0 0 1 34 1 .9 9 3 .8 2 5 .9 8 0 .7 2 7 .0 7 0  08 8 33
(1 (HI
1 3 6 0  5 4 1 .3 3 2 7 7 0 .0 0 1 .3 4 0 .0 0 0 .0 0 0 .0 0 1 3 6 1 .9 9 4 .0 0 6 .0 0 0 .6 3 8 .0 0 0 .0 6 9.30
()0()
M i c r o s c o p i c  in s ig h t  in to  n u c l e u r  s t r u c tu r e  p r o p e r t i e s  o f  p r o t o n - r i c h  h o r iu n i  i s o t o p e s  
120- 1261:
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^,hiainccl w ith  V Q P O H ,  fo r  th e  set o f
(irsi case ih c  d e c re a s e  is 0.02  w h e re a s  in  th e  s e c o n d  case ih c
B a  is o to p es . In  the th a n  h a l f - f i l l e d  a n d  h e a d in g  to w a r d s  s h e ll  c lo s u re s  w ith  
in c re a s in g  n e u tro n  n u m b e r. T h e  e ffe c t o f  a ll th is  is seen in  te rm s  
jeerea'^c is 0 .8 2 .  T h e  d e c re a s e  in  ( / * n /2 );r ^^c*cupation n u m h e i o f  d e c re a s in g  q u a d ru p o le  m o m e n ts  w ith  la rg e  ch an g e s  as one
m o v e s  Iro m  to  F ro m  th e  re s u lts  o f  o c c u p a tio n
p ro b a b ilit ie s  p resen ted  in T a b le s  2 , 3 , 4  and 5 , d ie  o v e ra ll p ic tu re  
that e m erg e s  is that the resu lts o b ta in e d  w ith  V Q P O H  in te ra c tio n  
on o c c u p a tio n  p ro b a b ilit ie s  p re s e n te d  m  T a b le s  4 an d  5 are  
fo u n d  to  be m b e tte r h a rm o n y  w ith  the o b s erve d  H /  sy.slem alics. 
F u rth e r , o n e  can  c o n c lu d e  th at itie  o b s e rv e d  s y s te m a lic s  in  
iso topes are m l im a le ly  d e p e n d e n l on the m a n n e r  in 
w h ic h  ( / / i i / 2 );r o c c u p a tio n  p ro b a b ilit ie s  ch a n g e .
F o r  ' “ ’^B a , ( / /n /O ^ r  o c c u p a tio n  p ro b a b il i i ie s  d e crease  and  
lo r  '^^'Ba the b e c o m e  in c re a s in g ly  m o re  than  h a ll-
filled
should be a s so c ia te d  w it h  a d e c re a s e  in  the  in tr in s ic  q u a d ru p o le  
inomcnis <  f t )  >,[  w h ic h  w i l l  in  tu rn  m a n ife s t  i ts e l f  in  te rm s  o f  
,lic mcica.se in  th e  o b s e rv e d  e n e rg y . T h e  ty p e  o f  in c re a s e  in  
energy in is seen  to  be c o m m e n s u ra te  w ith  the  ty p e  o f
jccrcasc in { h ^ y t ) „  o c c u p a t io n  n u m b e rs  p re s e n te d  in  T a b le  4 , 
IS here a d e p le t io n  m  th e  d o w n  s lo p in g  k  =  1/2 c o m p o n e n t o f  
o rb it  IS ta k in g  p la c e . A f t e r  '^^B a th e  o c c u p a tio n  is 
Jccicasing g ra d u a lly  lo  z e ro  as seen  f r o m  T a b le  2 , w h e re a s  th is  
^ILianlity goes  to  z e r o  fa s te r  as is e x h ib i te d  b y  th e  re s u lts  
piL'scnicd in  T a b le  4 .  A  c o m p a r is o n  o f  re s u lts  on  n e u tro n
Ijlilc 4. The sub shell o ccup ation  num bers (p ro to n s) in the nuclei " ''h a  
,uih V O I’O H  in te ra c tio n
[ianlim Sub-shell oceiipalion num ber
, \ i 'A„. 2</„. 2^0
1 '!) 0 46 0 7 7 1 2 6 0  6 7 0 9 9 0 02 1 7 9 0 00
1) 4S 0 8 1 1 31 0 .6 4 1 05 0 01 1 66 0 00
IZ 1 0 S2 0 87 1 39 0  S4 1 12 0 00 1 51 0 00
r f ) 0 6 ^ 1 14 1 6 2 0 35 1 27 0 00 0 97 0 00
1 's 0 66 1 51 2 31 0 00 1 S I 0 00 0 00 0 00
r > i ) 0 61 1 ^1 2 1 1 0 10 1 .8 5 0 00 0 00 0 00
n z 0 S‘) I 3 9 2 5 0 0 00 1 .5 0 0 00 0 00 0 00
1 u 1) 6 1 1 4 6 2 6 0 0 00 1 31 0 00 0 00 0 00
1 U) 0 SK 1 4 3 2 7 8 0.00 1 18 0 00 0 00 0 00
Ikiiiuin
niklci
Sub-.shdl occupation num ber
3s. V.r. l / i ,
0 44 1 0 6 3 21 I .O I 2 .9 5 0 14 4 8 4 0 31
122 0 90 1 53 3 .5 4 1 01 3 6 0 0 .1 3 4 84 0  4 0
124 0 90 I 6 3 4 .5 9 0 .9 9 4 58 0 1 1 4 .8 8 0 .2 8
126 0 90 1 86 4 .1 8 1 . 17 5 .0 3 0 12 6 6 9 0.00
12H 0 97 1 9 0 5 .5 5 0 .9 6 5 .4 3 0  0 7 6 89 0 12
1.^ 0 1 68 2 .5 1 5 .8 2 1,01 5 7 4 0.1 1 6 9 0 0 19
132 1 98 3 .3 9 5 9 5 0 .7 9 6 31 0 .0 7 7 .5 6 0.00
134 1 99 3 .6 5 5 9 7 0 .7 4 6 .7 8 0  0 7 8 .6 9 0 0 8
136 1 99 3 9 9 5 .9 9 0 .6 3 7 .9 9 0 .0 5 9 .3 0 0.00
4. Transition probabilities
fh e  r e l i a b i l i t y  a n d  g o o d n e s s  o f  th e  H B  w a v e - fu n c t io n  is 
e x a m in e d  b y  c a lc u la h n g  th e  / i ( £ '2 ; —> 2 |  ) v a lu e s .
^Som etim es b a ck  B h a tt  c ta l \3 > ^ \  ha ve  d e v e lo p e d  fo rm u la  fo r the 
c a lc u la t io n  o l £ ( £ 2 , ( ) |  —> 2 j  ) tra n s it io n  p ro b a b ilit ie s  Iro m  
the v a lu e s  o f  in tr in s ic  q u a d ru p o le  m o m e n ts  o f  p ro to n s  and  
n e u tro n s , m  the m ass re g io n  o f  rare  e a rth  and  a c tin id e  n u c le i. It
has been  ju s t i f ie d  by th e m  that ih e  E 2 \  0,* 
o f  arc g iv e n  by
2 1 ) in un its
iiu iip tiiion  n u m b e rs  s h o w s  th a t ( / i n / i ) , ,  o c c u p a t io n  b e c o m e s  
nuiK ilia ii h a lf  fo r  B o th  th es e  e ffe c ts  a re  re s p o n s ib le
Ici large dccrca.se in q u a d ru p o le  m o m e n ts . F u r th e r , fo r  the set o f  
isotopes, the res u lts  p re s e n te d  in  T a b le s  3 an d  5 in d ic a te  
iHai ilie su b -se lls  ( d y 2 \ ^  ^ ^ i n \  b e c o m in g  m o re
5. Ihc  sub shell n c c u p u tio n  num bers  (n e u tro n s ) in the nuc le i 
“ Ha wiih V Q P O H  interaction
B ( E 2 A ) l  =
( i x ) 2 y  (I7 J
w h e r e  <  f t )  > ;r f?() in t r in s ic  q u a d r u p o le
m o m e n ts  o f  v a le n c e  p ro to n s  (n e u tro n s ) and and e^  are the  
e ffe c t iv e  ch arg es  o f  the p ro to n s  an d  n e u tro n s  re s p e c tiv e ly .
E f fe c t iv e  ch arg es  o f  the p ro to n s  and n e u tro n s  are  g iv e n  by  
= ( \  +  Z I  A ) e  and  c\ = E ( Z I  A ) c  .
T h e y  ha ve  re c o m m e n d e d  the use o l £ = 2 . 1  and r =  (0.8 
±  0 .0 7 )  in  the rare  e a rth  an d  a c tin id e  re g io n s . W e  ha ve  used this  
fo rm u la  lo r  the c a lc u la t io n  o l the B ( E 2 )  va lu e s  lo r  the  m ass  
c h a in  o f  is o to p es .
In  T a b le  6 , w e  prc.scnt a c o m p a ris o n  o f  the c a lc u la te d  B (H 2 )  
v a lu e s  o b ta in e d  w ith  V Q P  an d V Q P O H  in te ra c tio n  w ith  the  
e x p e r im e n ta l v a lu e s  fo r  the ( ) , ’" - >  2 ,*" tra n s itio n s  in case o f  
i20-i?6B i) I t  is s a t is fa c to ry  lo  no te  th at the c a lc u la te d  B (E 2 )  
va lu es  are in s a tis fa c to ry  a g re e m e n t w ith  the e x p e rim e n ta l va lues  
fo r  th e  0  2 *  t r a n s it io n  in case o f  '^ B a . S in c e  the
c a lc u la t io n s  fo r  th e  B ( E 2 )  v a lu e s  d e p e n d  on  th e  in t r in s ic  
q u a d ru p o le  m o m e n ts  so B (R 2 )  v a lu e s  s h o u ld  fo l lo w  the  sam e  
tre n d  as th at fo llo w e d  b y  th e  in tr in s ic  q u a d ru p tM e  m o m e n ts . 
T h is  fe a tu re  o f  th e  b a r iu m  is o to p es  has been  re p ro d u c e d  by the  
p re s e n t c a lc u la t io n s . B ased  on  th e  c a lc u la te d  resu lts  o f  B ( E 2 )
2 8 8 N e e r u  vvhney. R a n i  D e v i ,  A  ru n
T a b le  6 .  C om parison o f  Ihc calcualtcd and expcrim enial B (E 2.(),*  2 ,*)  
values in isotopes The B (E 2 ) values are in units o f e-lr
B arium
nuclei
B (E 2 ; (V  ->  2
( A ) In te ra c iio n
V Q P V Q P O H (K x p  )
1 2 0 1 9 9 1 9 9 -
1 2 2 1 9 6 1 9.S -
124 1.91 1 87 -
126 1 7 9 1 77 1 9 1 ( 2 1 ) *
128 1 6.S 1 18 1 1 6 ( I D *
1 3 0 1 21 1 19 1 2 9 ( 1 4 ) *
112 0 9 6 0 9 4 0 8 6 ( 6 ) *
114 0 7H 0 7 9 0 6 8 ( 1 6 ) *
116 0 6 1 0 6 2 ()..S1( 1 6 ) * *
*  D j ia  liikcii Iro m  R e f [?>1 
* *  D a la  lakcn from  R e f (4 .11
5^(U
5
01
10* -
0* -
6“ _
4* _
2’ -  
0* -
EXP. Th 1 Th 2 EXP
v a lu e s , it  s e em s a$ i f  th e  w a v e - fu n c t io n s  o b ta in e d  w iih  Vr 
an d  V Q P O H  a rc  e q u a lly  r e l ia b le  fo r  th e  ' “° ' ‘ *’^B a.
5. Yrast spectra
A  p ro je c t io n  c a lc u la t io n  fo r  th e  e n e rg y  s p e c tra  o f  
c a r r ie d  o u t b y  e m p lo y in g  th e  V Q P  a n d  V Q P O H  m od els  o( twu 
b o d y  in te ra c t io n . In  F ig u re s  1 , 2  a n d  3 , th e  y ra s t spectra fo,
* ^^Ba is o to p e s  is d is p la y e d . In  F ig u re s  1, 2 , an d  3, we hivt 
c o m p a r e d  th e  e x p e r im e n t a l  v a lu e s  o f  y ra s t  s lates wuh ihc 
th e o re t ic a l v a lu e s  ( T h .  I a n d  T h .2 ) .  T h e  s p e c tra  correspoiuim,, 
to  T h .  I has b e e n  o b ta in e d  b y  u s in g  V Q P  tw o  b o d y  inicraciion 
w h e re  as th e  s p e c tra  c o rre s p o n d in g  to  T h .  2  has been obiamcd 
b y  i n c l u d i n g  a  h i g h e r  o r d e r  o c t u p o lc - o c t u p o l c  and 
h e x a d e c a p o lc -h c x a d c c a p o lc  in te ra c tio n  e n e rg y  term s in ihc iwu 
b o d y  re s id u a l in te r a c t io n  ( V Q P O H ) .  I t  tu rn s  o u t liu in  oui 
c a lc u la t io n s  th a t  c a lc u la te d  s p e c tra  c o rre s p o n d in g  in 
re p ro d u c e s  th e  o b s e rv e d  y ra s t s p e c tra  fo r  reasonabh
w e l l  as c o m p a re d  to  th e  y ra s t  s p e c tra  c o ite s p o n d in g  to n , |
i o -  
0* -
6* _
2*
0’
Th.1 T h 2 EXP. Th 1 T h 2  
' ” Ba
F ig u r e  1 . E x p c iim e iiia l and ih e o ic lic a l lo w -la y  m g yrast spectra fo r  nuc le i (D a la
lakcn  (ro in  R e f [6])
& 1
1
1
1
4
1
i
1
1
1
1
3 ■ 10* ------
i ____
1
1
1 10* ------ -Jl'
1
\ 1
, ____ * 1 8*_______
5^ 2
0^ _ --------- I 0* — \ 11
1 ' '1 ' ____ ' j 6* _______UJ
1 .
6-------- 1 6---------\  ------- 1
1
4^___  ' ----------■ 1 4*------- ^ ________________ 1 4 *-------
0 ,
2* ___
! ---------------------
1
1 2’ -------
1 0- ______ '
EXP. Th.1 Th.2 
’“ Ba
EXP Th.1 T h 2  
’«Ba
EXP. Th.1 Th.2 
’” Ba
F ig u re  2 . E xperim ental and theoretical low  ly ing  yrast spectra for '-'^ '“’Ba nuclei. (D a ta  taken  
from  R ef. [6] )
j iTiis level o f  a g re e m e n t  c a n  be c o n s id e re d  to  b e  s a t is fa c to ry  c a lc u la te d  sp e c tra  w ith  th e  e x p e r im e n ts . W e  h a v e  c h e c k e d  th at
[,t;causc o f  a n u m b e r  o f  c o n s id e ra t io n s . F ir s t ,  th e  c a lc u la t io n  o f  th e re  is v e ry  l i t t le  d if fe re n c e  o c c u r in g  in  th e  y ra s t s p ec tra  w h e n
vrasi spectra is a  c o m p le x  m a n y  b o d y  c a lc u la t io n  in v o lv in g  a  o c tu p o le -o c tu p o lc  in te ra c tio n  te rm  is a d d e d  to  V Q P  in te ra c tio n .
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iUJ
10* -  ______
8*____. _____
6*-------,
4*____
2’-------
EXP Th.1 Th.2 
’” Ba
4*------ >
2 -
0* -
EXP Th 1 Th 2 
’"Ba
6 ' ‘ .
4 ' -
2 -
0*.
EXP Th 1 Th 2
F ig u re  3 . tx p c n m c n la l and theoretical low  ly ing  yrast spectra lor " 'B a  nuclei (D ata  taken 
from  R e f [ 6]).
miniimiin o f  2 0  v a le n c e  p a rt ic le s  fo r  ’ ^^Ba an d  a m a x im u m  o f  '36  
v;ilciK’c p a rtic le s  fo r  '^ ^ B a . A n o th e r  n o t ic e a b le  fa c t is th a t the  
u ik u la lm n s  are c a r r ie d  o u t fo r  th e  e n tire  set o f  th e  
isDinpcs, w ith  a s in g le  se t o f  in p u t  p a r a m e te r s .  A ls o ,  n o  
(\iiam clcr has b e en  u sed  to  s im u la te  th e  c o n tr ib u t io n  o f  th e  tin  
^oic towards the m o m e n t  o f  in e rtia . I t  w a s  p o in te d  o u t b y  F a e s s le r  
w e ll as b y  P ra h a ra j [ 4 0 ]  that d o in g  so, w i l l  p ro v id e  fu rth e r  
qiiantiialivc im p ro v e m e n ts  in  th e  c a lc u la te d  y ra s t s p ec tra . T h u s , 
‘ Irom the I'lgures, it  is c le a r  th a t the in c lu s io n  o f  the h c x a d e c a p o le -  
hcxaducapolc in t e r a c t io n  im p r o v e s  th e  a g r e e m e n t  o f  th e
I t  w a s  o b s e rv e d  b y  us th at in c lu s io n  o f  o n ly  o c tu p o le -o c tu p o lc  
c o m p o n e n t o f  tw o  -  b o d y  re s id u a l in te ra c tio n  d id  not m a k e  any  
n o t ic e a b le  d i f f e r e n c e  lo  th e  c a lc u la te d  n u c le a r  s tru c tu re  
q u a n t it ie s .
6. Hcxadecapole deformations
In  o rd e r  lo  c h e c k  the r e l ia b i l i ty  o f  th e  h c x a d e c a p o le  s treng th  
p a ra m e te rs  and  the c o rre s p o n d in g  H B  w a v e -fu n c tio n , the va lues  
o f  an d  h a v e  been  c a lc u la te d  u s in g  V Q P  and V Q P O H  
in te ra c t io n s .
T ab le  7. H cxadecapole moineiUs and hcxadecapole deform ation parameters ( p^) o f the HB .stales in isotopes
w ith  the V Q P  and V Q P O H  interaction. Here < die tontrihu lion o f ihc protons (neutrons) to the
to ta l in tr in s ic  h c x a d e c ap o le  m om ents . T h e  h cxadecapo le  m om ents have been com puted in units o f  h\ w here
h = i[hT nm  is ihe o.scillutor param eter.
B arium
nuclei
( A )
V Q P V Q P O H
< Gil >/y« <  <?« p , <  Go ^ hr < Q i  > , < (? < !> . p .
120 103  6 1 2 7 7 .3 6 3 2 6 .2 4 9 0  0 2 3 2 0 7  6 1 4 114 5 2 2 93  0 9 5 0 .0 4 6 0 .0 3 9
122 7 6  821 7 6 .2 4 0 0  5 8 0 0 .0 1 7 188 002 1 10 176 77  8 2 5 0 04  1 0 020
124 4 2 .8 6 1 7 1 .7 9 1 - 2 8  9 3 0 0 0 0 9 - 4  3 5 3 57 2 1 2 -6 1  5 6 5 - 0  0 0 0 9 -0  001
1 2 6 5 7 8 6 7 8  198 - 7 2  411 0 001 - 1 0  0 3 2 5 0  0 9 2 - 6 0  0 6 2 -0  022 0 0 1 6
1 2 K - 8 . 2 5 9 5 1 .5 3 2 - 5 9 . 7 9 2 -0  001 - 8 0  6 6 4 - 1  3 7 2 - 7 9  2 9 2 -0  01 8 -0  0 1 4
1 3 0 - 9 .0 6 1 3 3  4 5 -4 2 .5 1 - 0 . 0 0 1 9 - 8 . 8 8 0 25 9 6 3 - 3 4 .8 4 7 -0  001 -0  0 0 8
132 - 1 0 . 3 5 9 14 8 2 5 - 2 5 . 1 8 4 -0  002 1 - 1 6  8 0 8 9 741 - 2 6  5 5 0 - 0  0 0 3 -0  012
1 34 - 1 0 . 6 4 1 4 .1 1 8 - 2 4 . 7 6 5 - 0.0022 - 4 1  5 6 9 2 .5 3 8 - 4 4  107 - 0 .0 0 9
1 3 6 - 1 5 . 2 3 4 1 3 .3 7 1 - 2 8 . 6 0 6 - 0 .0 0 3 2 - 3 2 .6 7 5 3 .1 9 0 - 3 5 .8 6 5 ■ 0 0 0 7 -
*D ala  tak en  fro m  R ef. [41J.
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T h e  re s u lts  a rc  p rc s e n ic d  in  T a b le  7 . I l  is o b s e rv e d  th a t
v a lu e s  o b ta in e d  w ith  V Q P O H  in te r a c t io n  a rc  la rg e r  in  
m a g n itu d e  th a n  the v a lu e s  o b ta in e d  w ith  V Q P  in te ra c tio n .  
B e s id e s , th e  p ^  v a lu e s  w ith  V Q P O H  in te ra c tio n  a rc  seen to  
c h a n g e  th e ir  s ign  f ro m  p o s it iv e  to  n e g a tiv e  at w h e re a s  
those w ith  V Q P  s h o w  th is  c h a n g e  a t '-^ B a . In  th e  s a m e  ta b le  w e  
h a v e  g iv e n  the c a lc u la te d  v a lu e s  o l P^  o b ta in e d  by G ra n d e ra th  
c t  a l  [4 1 ]  fo r  ‘ -^  ^ '^ ^ B a  It is n o te w o rth y  th at th e  v a lu e s  o f  p ^  
c a lc u la te d  w ith  V Q P O H  in te ra c tio n  a rc  in s a tis fa c to ry  a g re e m e n t  
w ith  the P^  va lu e s  c a lc u la te d  b y  G ra n d e ra th  F u rth e r, the ch an g e  
m  s ig n  in th e  P^  v a lu e s  is a ls o  re p ro d u c e d  at the  sa m e b a r iu m  
iso tope  F ro m  th is , w e  c o n c lu d e  that H B  w a v e -fu n c tio n  o b ta in e d  
w ith  V Q P O H  in te r a c t io n  re p re s e n ts  th e  s ta tes  o f  
is o to p e s  m o r e  a c c u r a t e ly  th a n  th a t  o b t a in e d  w i t h  V Q P  
in te ra c tio n . In  a d d it io n , it p o in ts  ou t that it is im p o rta n t to  in c lu d e  
the h e x a d e c a p o lc  in te ra c t io n  te rm  m  the tw o -b o d y  re s id u a l 
in te r a c t io n  fo r  n u c le a r  s t r u c tu r e  c a lc u la t io n s  o f  *^ ’^B a  
is o to p e s
7. Conclusions
F ro m  th e  res u lts  o u r  c a lc u la t io n s , th e  fo l lo w in g  c o n c lu s io n s  
can  b e  d ra w n
(1 )  T h e  V A P  c a lc u la t io n s  p e r fo r m e d  w ith  V Q P O H  
in t e r a c t io n  r e p r o d u c e s  c o r r e c t l y  th e  o b s e r v e d  
d e fo rm a t io n  s y s te m a tic s  in ' ‘ ’^ ’ '^ B a  is o to p es . T h e  
d e f o r m a t i o n  s y s t e m a t ic s  is  s e e n  to  d e p e n d  
s e n s it iv e ly  o n  the  ( / / ,  ,,2 )j  ^ o c c u p a tio n  in  case o f  
'^ ’^B a  a n d  (^ i | ip ) ,  o c c u p a tio n  m  '^^ '^^B a.
(2 )  T h e  y r a s t  s p e c t r a  o b t a in e d  w i t h  in c lu s io n  o f  
h e x a d e c a p o lc  i n t e r a c t i o n  s h o w s  s a t is f a c t o r y  
a g re e m e n t w ith  o b s e rv e d  s p e c tra  as c o m p a re d  to  the  
sp e c tra  o b ta in e d  w ith  V Q P  m o d e l o f  in te ra c t io n .
(3 )  T h e  v a lu e s  o f  h e x a d e c a p o lc  in te ra c tio n  p a ra m e te rs  
e m p lo y e d  b y  us a rc  th e  a p p ro p r ia te  one 's  m  th is  m ass  
re g io n  as w ith  th e m , the  H B  w a v e - fu n c t io n  y ie ld s
va lu e s  o i B (K 2 ) ,  P 2  an d  P^  w h ic h  a rc  in s a tis fa c to ry  
a g re e m e n t w ith  e x p e r im e n ts .
(4 )  f i l e  q u a d r u p o lc -q u a d ru p o le  p lu s  p a ir in g  m o d e l o f  
t w o - b o d y  i n t e r a c t i o n  g iv e s  a b e t t e r  o v c r a l  
u n d e rs ta n d in g  o f  th e  p ro p e rtie s  o f  '^^ ' ^^Ba is o to p es .
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